INTRODUCTION
There are now three major Saccharomyces databases that maintain web servers: Saccharomyces Genome Database (SGD), Munich Information Center for Protein Sequences (MIPS) and Yeast Protein Database (YPD). 6, 14, 15 We focus this review on these three databases because they represent the most comprehensive and relevant information for yeast researchers. In addition to SGD, MIPS and YPD, several other useful budding yeast web sites are included. Since the number of these sites is growing rapidly, we only review those that contain a significant amount of data and resources and apologize for the omission of any new sites. In addition to these S. cerevisiae databases, there are several useful Schizosaccharomyces pombe and Candida albicans sites, which we briefly summarize in tables. None of these descriptions is meant to be exhaustive. Instead, we highlight the general features and mention particularly useful or unique tools at each site, keeping in mind that these databases are constantly evolving. All URLs mentioned in this review can be obtained from:
http://genome-www.stanford.edu/Saccharomyces/ yeast_review_URLs.html SGD: SACCHAROMYCES GENOME DATABASE URL: http://genome-www.stanford.edu/ Saccharomyces SGD was established to provide a fast, easy, and reliable method for members of the yeast community to obtain information about the S. cerevisiae genome, the genes it contains and their interactions. SGD provides current, annotated yeast sequence through the WWW and via FTP. In addition to providing an on-line genome database, SGD also provides access to other information of interest to the budding yeast community. SGD is responsible for maintaining the official S. cerevisiae Gene Registry. The Gene Registry helps to maintain yeast gene names in a standardized format, and SGD mediates resolution of gene naming conflicts. On-line submission forms to register gene names are found at the SGD site. In addition, yeast researchers are encouraged to add their names and contact information to the list of colleagues at SGD, where this list can be browsed and searched. Community information such as yeast meetings are announced on the SGD page, and a 'Virtual Yeast Library' that contains hyperlinks to other useful yeast web pages is also provided. The genome information in SGD is currently organized around a 'Locus' page for each ORF, containing a brief summary of the gene, its product and any mutant phenotypes. In addition, the 'Locus' page contains several links to the DNA sequence, protein information, a literature guide (Gene-Info), and other relevant sites. Many of the SGD features described below can be reached through hyperlinks from the 'Locus' page.
SGD: sequence analysis
Among the WWW-based yeast resources, SGD encompasses a wide array of sequence tools, including several sequence search, retrieval and analysis options. The central location on the SGD site for accessing sequence information is the Gene/Sequence Resources page. Here users can search by gene name, ORF name, chromosomal region, or raw DNA or protein sequence and select retrieve options for viewing information about the gene or sequence they entered (Figure 1 ). There are multiple options under the topic headings of Biology/Literature, Maps/Tables, Sequence Analysis and Sequence Retrieval. Each link allows users to perform the next logical step in their analysis. For instance, when the researcher chooses to retrieve a protein sequence, the sequence is subsequently displayed along with links to BLAST 2 and FASTA 18, 19 searches, making sequence retrieval and subsequent analysis very straightforward for the user.
In addition to BLAST and FASTA, SGD has developed other tools for exploring sequence patterns and similarities and displaying the results in a user-friendly manner. The Pattern Matching program can search for short DNA or peptide sequences, allowing for ambiguous and/or degenerate patterns. Researchers may also view the results of S. cerevisiae chromosome-bychromosome comparisons using the Genome-wide DNA Similarity View and protein-by-protein comparisons using the Genome-wide Protein Similarity View.
SGD: unique features
The Global Gene Hunter search program, a unique feature of SGD, is a powerful tool that quickly performs a broad survey of the information available anywhere on the WWW for a particular gene. After the user enters a gene name, the Global Gene Hunter simultaneously searches SGD, GenBank, PubMed, Sacch3D, Swiss-Prot, MIPS, YPD and PIR for information about the gene. 3 A tool of practical use to the bench scientist is the Web Primer feature, which designs primers for users for PCR or DNA sequencing of a particular gene or raw sequence. Another useful bench resource is the Yeast Genome Restriction Analysis program. This program generates and displays a restriction map from a raw DNA sequence, gene name, ORF name, clone name, GenBank sequence name or accession number.
One of the newest features at SGD is the SAGE tag viewer (Figure 2) . SAGE, or Serial Analysis of Gene Expression, is a technique that utilizes short sequences that are associated with RNA transcripts to analyse gene expression at the genomewide level. With the SAGE tag viewer, the user can search data from a yeast SAGE study 32 by entering a gene or ORF name, or by selecting a section of a chromosome using the SGD Genomic View.
Sacch3D
Sacch3D is a component of SGD that collects and presents three-dimensional structural information for S. cerevisiae proteins obtained from the Protein Data Bank (PDB). 1, 23 A user can obtain available structural information for any given gene or ORF name and display available 3D structures for a yeast protein as well as structures for proteins with significant sequence similarity to the yeast protein. A variety of information is presented for each PDB structure, including the protein descrip- tion, source organism, BLAST scores and links to interactive 3D viewers (Java/RasMol, Cn3D) and other structural databases. Also available from the structural information page are links to preexisting BLAST reports against the PDB and other datasets (GenBank, ESTs, mammalian), motif searches to assign functional class, secondary structure predictions and, if a PDB homologue Figure 2 . The SAGE tag viewer at SGD. After searching for ACT1 at the Query SAGE data page (http://genomewww.stanford.edu/cgi-bin/SGD/SAGE/querySAGE), this SAGE map is displayed. By clicking on the SAGE sequence tag on the graphic display of the chromosome, the user can retrieve detailed information about that particular SAGE sequence tag, including its sequence and expression results. Links at the bottom of the page (Genomic View, Gene/Sequence Resources) provide access to other information about the chromosomal region.
exists, the 3D structure for the yeast protein based on its sequence. 
MIPS

MIPS: sequence analysis
The MIPS yeast database contains the sequence data from the entire Saccharomyces genome. The mitochondrial and nuclear genomes have been analysed to extract potential ORFs, RNA genes, and genetic elements such as centromeres and telomeres. From the MIPS yeast genome page, information may be retrieved in ways similar to those used by other yeast web sites. The ORFs may be searched by name or accession number, and information about the biochemistry or physiological function of each gene is available.
Like SGD, MIPS also provides tools that allow the user to analyse the yeast genome as a whole. Entire chromosomes or chromosomal segments can be viewed graphically or in tabular form to scrutinize ORFs or genetic elements in detail. The genome can also be examined for redundancy; one chromosome can be compared against another, or against all other 15 chromosomes.
MIPS: sequence searches
Users may utilize the BLAST program at MIPS to search for homologues of their favourite gene. A precomputed set of FASTA results is also available at MIPS; it displays related proteins and their alignments. A table describing the yeast homologues of human disease-associated genes provides descriptions of the disease, the BLAST search results and a hyperlink to the gene's entry.
MIPS: unique features
MIPS has several useful and unique features. For instance, excerpts from several recent reviews are provided at the MIPS site under a section entitled 'Selected Yeast Reviews'. An exhaustive set of S. cerevisiae zinc finger proteins is also available. Other information found at the review section of the web page includes a description of peroxins and peroxisome biogenesis genes, tRNA genes and retrotransposable elements, and the classification of the major facilitator superfamily. The genes listed in these tables are hyperlinked to their central locus sites, making retrieval of supplementary information about a particular gene simple and intuitive.
One of the most valuable contributions of MIPS is the yeast catalogue section. These catalogues contain lists of ORFs grouped together by several biological topics. For instance, the Functional catalogue groups genes by function, using both general (e.g. signal transduction) and specific categories (e.g. pheromone response). Other catalogues group genes by Prosite Motif, 3, 4 Enzyme Activity, Protein Class, Protein Complex, Phenotype, Physiological and Genetic Pathways, and Subcellular Localization. The Physiological and Genetic Pathways are displayed graphically to illustrate the relationships between different gene products as they work together to perform a cellular process. In addition, all of the catalogues are hyperlinked to the annotations for each gene in the database; when a gene is retrieved in a search, all relevant catalogues will appear as links on the ORF's page.
MIPS also provides a useful reference section entitled, 'Selected Tables and Graphics', which includes lists of intron-containing ORFs, essential and non-essential genes, genetic and physical protein interactions, small ORFs, and predicted transmembrane domains. Two links from this section are displayed graphically: the Yeast Centromeres page and the proteasome/protease protein table (designated 'YTA' protein table at MIPS). On the Yeast Centromere page, the centromeres are aligned, and multiple colours are effectively used to illustrate highly conserved regions ( Figure 3 ). The user may click on a centromere name to retrieve more information about that particular centromere. The YTA protein link goes to a list of related topics that each lead to a schematic diagram (Figure 4 ). The protein names in the schematic are linked to information about their respective genes; the graphics effectively convey information about the localization, functional relationships and homologues of these proteins.
Pedant
Pedant, 9, 20 another service offered by MIPS, is an automated genome analysis resource focused on assigning functions to protein sequences. The results from many different sequence analysis techniques are integrated and made accessible via an intuitive user interface. Users can browse the set of yeast ORFs based on the MIPS or bacterial functional categories, PIR keywords, PIR superfamily names or Prosite pattern categories. For any given ORF, Pedant provides a PileUp 21 multiple sequence alignment against proteins from the major sequence databases, a list of sequence motifs from the BLOCKS 13 and Prosite databases, a list of PDB structural homologues, a raw BLAST report, and a general report page that contains functional information, the amino acid sequence and secondary structure prediction. Pedant also contains information from the analysis of many other genomes and is regularly updated.
YPD: YEAST PROTEIN DATABASE URL: http://www.proteome.com/YPDhome.html YPD began as a protein database rather than a genome database; thus, its information is centred around amino acid rather than nucleic acid sequences. In this regard, it is different conceptually from MIPS and SGD. For instance, there is no access to DNA sequences through YPD. Instead, emphasis is placed on providing detailed information about the Saccharomyces proteins themselves. Although much of YPD's protein reports are included in MIPS and SGD, YPD excels at presenting its information in a very readable, compact form. Moreover, most of the data for a given protein is usually available with minimal scrolling and within one click from the yeast 'protein report'. YPD is a product of Proteome, Inc; note that, while YPD is free for academic use, nonacademic users must pay a fee to access this site.
YPD: searching the protein database
YPD provides a single search page (in a long or short version) for accessing the data. With the long form, users have the ability to do simple yet powerful Boolean (true/false) searches for proteins that match criteria in 14 different categories, including items such as subcellular localization, viability or inviability of the knockout mutant, molecular weight and number of potential transmembrane domains ( Figure 5 ). For instance, the user could search the YPD for all essential proteins localized to the nucleus that contain transmembrane domains. YPD, with its long search form, sets an example of new developments in search capabilities that will greatly benefit researchers.
YPD: protein reports
YPD's protein reports are presented in tabular form, with most of the information organized so that it is either on this report or just one click away ( Figure 6 ). A brief yet informative description of the protein is provided at the top of the table. In this table, YPD also lists synonyms for the gene encoding the protein, links to various databases (e.g. SGD, GenBank, PIR, Swiss-Prot), physical characteristics of the protein [e.g. molecular weight, PI, CAI (codon adaptation index 28 )] and information about protein modifications and/or motifs. Another nice feature of the protein report is that the user can click on 'Related Genes' to obtain pre-computed protein sequence comparisons of that ORF against other yeast, Drosophila and human proteins.
One of the most impressive aspects of YPD is the excellent literature summary that accompanies each protein report. These annotations are divided into different categories, such as 'Phenotypes' and 'Related to'. Each annotation is associated with one or more numbers that are linked to the reference(s) that support the annotation. The references are conveniently located at the bottom of the report, and the references are linked to PubMed. In addition to these annotations, the protein reports also contain links to information about 'Interactions', 'Regulations' and 'Modifications'. For instance, by clicking on 'Interactions', users find a list of proteins (that are linked to their protein reports) with which their protein of interest genetically or physically associates.
YPD: unique features
There are other notable features at the YPD site. A spreadsheet version of their database is available upon request (for a fee to commercial users). For those who may still prefer the convenience of using a book rather than a computer terminal, YPD also sells a printed version of their database, called the Yeast Proteome Handbook. The web site includes an extensive user manual that is yet another feature that makes YPD friendly and easy to use. Finally, the YPD site includes images of theoretical two-dimensional gels for several classes of proteins.
SYSTEMATIC GENE EXPRESSION SITES
Here we briefly summarize the web sites that present data from systematic gene expression projects.
Yale Genome Analysis Center
URL: http://ycmi.med.yale.edu/YGAC/ home.html
The investigators at the Yale Genome Analysis Center are using a transposon-based system to construct DNA libraries that generate random fusions of genes to lacZ or GFP as well as fulllength, HA-tagged proteins in yeast. The transformants can then be screened to identify genes that are expressed in particular conditions (for instance, during sporulation), and to determine the localization of proteins and the phenotypes of disruption mutants. This project is being pursued . Protein report at YPD. After searching for the gene name CTT1 with the YPD short search form (http:// www.proteome.com/search0.html), the Protein Report is displayed; shown here is the first page. By scrolling down, the user can view an extensive summary of the literature, which contain links to the PubMed abstracts. 24 with several innovations that will greatly improve the rate at which interesting transformants can be studied and made publicly available. 5 While the tools for searching and examining data are still being developed and it is a little difficult to find the links containing background information, this web site provides a convenient form for requesting reagents, links to useful and detailed protocols, and maps and descriptions of the libraries and other DNA reagents. This site, maintained by Ron Davis's laboratory at Stanford University, describes a project to characterize cell cycle-dependent gene expression in the yeast genome using DNA chip technology. The experiments identify 422 ORFs whose mRNA levels show periodic variation during the cell cycle. The methods are described at the site, and the raw data can be downloaded. Some figures summarizing the data are also available. Genes are organized into functional categories, and mammalian homologues are identified. Most of this information is available to the general public although one link, the Access Expression Database, requires a password.
OTHER USEFUL YEAST SITES
GeneQuiz
URL: http://www.sander.ebi.ac.uk/genequiz/ genomes/sc GeneQuiz 27 is a system for large-scale biological sequence analysis that uses a variety of sequence search and expert system analysis methods to assign function to protein sequences. In January 1997, GeneQuiz analysed all ORFs in the yeast genome and assigned function based on sequence similarity against the major DNA and protein databases. All ORFs were classified into five groups: '3D' shows clear similarity to a protein of known 3D structure; 'clear function' has strong similarity to a protein with functional annotation; 'tentative function' means there is weak similarity to a protein with functional annotation; 'homologue' denotes strong similarity to a protein without functional annotation; and 'no homologue'.
Genome Navigator
URL: http://www.mpimg-berlindahlem.mpg.de/andy/GN/S.cerevisiae/ The Genome Navigator 12 provides an interactive Java-based map viewer ('DerBrowser') for browsing features along yeast chromosomes. Users can view ORFs along a chromosome based on functional category and obtain information from several external databases for a selected ORF (SGD, YPD, MIPS, Pedant, GeneQuiz, Gene duplications). A separate interactive Java applet is also available at the Genome Navigator site for viewing duplications in the yeast genome. This applet is integrated with the yeast gene duplication website, 33 discussed below.
Yeast Gene Duplications URL: http://acer.gen.tcd.ie/khwolfe/yeast/nova/
The yeast gene duplication website permits access to data for duplicated chromosomal regions in the Saccharomyces genome. 33 The duplicated regions are contained in 55 blocks that together occupy half of the genome. The different blocks, including the genes contained within them, can be browsed. For each gene, users can obtain BLASTP database search and Smith-Waterman 18,29 pairwise comparison results of a protein sequence against all yeast proteins. Pairwise alignments for all hits are available. Dot matrix plots comparing the duplicated chromosomal segments are provided. The duplication map was in the process of being updated as this manuscript was being prepared in August 1998.
YEAST-RELATED AND LABORATORY SITES
Several yeast laboratories maintain helpful sites that provide on-line protocols (Table 1) The Entrez Genomes Division is supported by the National Center of Biotechnology Information (NCBI) and provides access to the genomic sequence of S. cerevisiae as well as other organisms. In addition, it has physical and genetic mapping data for organisms whose genomic sequence is still incomplete. The S. cerevisiae genomic sequence supplied by the Entrez Genome Division is compiled from assorted GenBank files into a single DNA sequence for each chromosome.
The S. cerevisiae page can be reached from the Entrez Genome Page. The NCBI offers both text and graphic means of surveying the sequence of all 16 S. cerevisiae chromosomes. Each chromosome can be seen as a GenBank text file of an 'Overview' display, which illustrates the entire chromosome graphically along with labelled ORFs. Different colours in the graphical overview illustrate where different GenBank files were required to assemble the virtual chromosome sequence. By clicking on an ORF name on the chromosome, the user can zoom in on that particular region of the chromosome to view a more detailed map of that chromosomal region. Additionally, the Genome Query, at the top of the page, allows the user to search the chromosome for an ORF name. The resulting display highlights the ORF along with neighbouring ORFs. All of the ORF names displayed are linked to GenBank text files describing the ORF in more detail. By selecting a button beside the graphic displays, the user can utilize the 'ORF Finder' program to search for annotated as well as un-annotated ORFs. Using a minimum size as low as 50 nucleotides, 'ORF Finder' displays all possible ORFs in six reading frames for a 10 kb region. Any ORF identified by ORF Finder can then be seen in various sequence formats or used in a BLAST search. The positions of start, stop and alternative start codons can be seen in the 'Six Frame' view. On every page, the Genome Query pages contain links to the home pages of NCBI, Entrez, Entrez FTP sites, SGD and YPD.
Clusters of Orthologous Groups
URL: http://www.ncbi.nlm.nih.gov/COG/ The 'Clusters of Orthologous Groups' (COGs) project is part of NCBI's comparative genome efforts. 31 Protein sequences from seven sequenced organisms, including S. cerevisiae, were compared to find proteins that contained sequence similarity and therefore represent possible orthologs, i.e. putative homologous proteins between different species.
What Is There?
URL: http://wit.mcs.anl.gov/WIT2
The What Is There? (WIT) project is attempting to model the metabolism of about 30 organisms, including S. cerevisiae, with sequenced or partially sequenced genomes. Their metabolic reconstructions consist of diagrams of metabolic pathways, function and pathway classification schemes, and assignments of ORFs to functional roles. 
Kyoto Encyclopedia of Genes and Genomes
USEFUL SCHIZOSACCHAROMYCES POMBE AND CANDIDA ALBICANS WEB SITES
Summarized here are the contents of a handful of S. pombe Web sites. Other S. pombe and Figure 7 . TCA cycle at Kyoto Encyclopedia of Genes and Genomes. Each label in this metabolic pathway is linked to more information. For instance, clicking on the Aspartate metabolism label will send the user to the diagram of the Aspartate pathway. Enzyme numbers are linked to pages containing more information about that particular enzyme, including links for sequence retrieval. This site contains information about genomic sequencing efforts, including the Sanger Centre's project described above, as well as other sequencing projects. Hochstenbach's site also contains summaries of S. pombe phylogeny and early research and links to many other relevant web sites. Of particular interest is the online Fission Yeast Handbook, which covers numerous research protocols. The home page contains a large amount of text, but is reasonably well organized. Some of the highlighted items, such as an animation of cell division, require a password.
The Forsburg Lab Pombe Pages
URL: http://pingu.salk.edu/users/forsburg/ Susan Forsburg maintains her laboratory page at the Salk Institute for Biological Studies. This site includes an introduction to S. pombe biology, with emphasis on DNA replication and the cell cycle. An impressive array of technical information is available, including sources of strains and plasmids, technical references, vectors and selectable markers, and more. There is also a list of S. pombe laboratory home pages. Forsburg's pages are remarkably well designed and organized, combining clear text with well-chosen graphics. The site contains a wealth of information and is easy and fun to use.
CONCLUSION
The completion of the S. cerevisiae genomic sequence has provided a staggering wealth of information available on-line. Sequence information and new biological techniques have changed the strategies of bench scientists. The on-line resources described in this review both reflect these changes and foreshadow the revolution to come. Systematic functional analysis projects are on the cusp of facilitating another quantum leap in the data available to describe the yeast cell. The yeast community can confidently expect that the computer resources at their disposal now will be available to organize, analyse and disseminate the functional analysis data.
